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1
CONTROL DEVICE FOR VEHICLE

INCORPORAITION BY REFERENCE

The disclosure of Japanese Patent Application No. 2014-
181297 filed on Sep. 5, 2014 including the specification,
drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a control device for a
vehicle including at least an internal combustion engine, a
continuously variable transmission, and a stepped variable
transmission.

2. Description of Related Art

A hybrid vehicle which includes a power distribution
mechanism having an internal combustion engine (herein-
alter, referred to as an engine), a first generator motor, a
second generator motor, and a planetary gear mechanism 1s
known. A planetary gear of the planetary gear mechanism 1s
rotated directly by the engine through a planetary carrier. A
sun gear of the planetary gear mechanism 1s rotated directly
by the first generator motor. A ring gear of the planetary gear
mechanism 1s rotated directly by the second generator motor
through a ring carrier and rotates a drive shait of the vehicle.
A rotation shaft of the ring carrier (that 1s, a member rotating
the drive shait of the vehicle) can be regarded as an output
shaft of the power distribution mechanism. A rotation shaft
of the planetary carrier (that 1s, a member rotated directly by
the engine) can be regarded as an mput shaft of the power
distribution mechanism. In this case, the power distribution
mechanism can continuously change the ratio of the rotation
speed of the mput shait to the rotation speed of the output
shaft. Accordingly, the power distribution mechanism can be
regarded as a continuously variable transmission.

In a hybrid vehicle 1n which such a power distribution
mechanism 1s mounted, the engine 1s operated at an opti-
mum operation point such that fuel efhiciency of the engine
1s optimized. In this case, even if a vehicle speed increases,
an engine rotation speed may not be increased, and a driver
may feel a sense of discomifort. Even 1 a vehicle which
includes only an internal combustion engine as a vehicle
drive source and 1n which a belt dniving type continuously
variable transmission (CVT) 1s mounted, a similar sense of
discomiort may be given to the driver. In contrast, Japanese
Patent Application Publication No. 2006-51842 (JP 2006-
51842 A) discloses a technique which controls a continu-
ously variable transmission and an engine such that an
engine rotation speed 1s increased at a predetermined gra-
dient (an increase rate of the engine rotation speed) with
respect to an 1ncrease 1n a vehicle speed when acceleration
1s requested.

Japanese Patent Application Publication No. 2008-
101742 (JP 2008-101742 A) discloses a technique which
performs a pseudo gear shift to quickly decrease an engine
rotation speed during acceleration of a vehicle according to
a gear shift line determined by an accelerator pedal opera-
tion amount and a vehicle speed using a continuously
variable transmission.

Japanese Patent Application Publication No. 2000-2327
(JP 2000-2327 A) discloses a hybrid vehicle in which a
stepped variable transmission 1s mounted. In JP 2000-2327
A, an input shaft of the stepped variable transmission 1s
coupled to an output shait of a power distribution mecha-
nism (continuously variable transmission) so as to transmit
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2

torque. An output shaft of the stepped variable transmission
1s coupled to a drive shaft of the vehicle so as to transmit

torque. That 1s, the continuously variable transmission and
the stepped variable transmission are connected 1n series to
cach other.

SUMMARY OF THE INVENTION

In a vehicle 1n which a continuously variable transmis-
s10n, such as a power distribution mechanism, and a stepped
variable transmission are connected 1n series to each other,
an engine rotation speed 1s increased as a vehicle speed
increases during acceleration of the vehicle based on an
acceleration request. In such a vehicle, when the engine
rotation speed reaches a predetermined rotation speed
(pseudo gear shitt threshold value), the rotation speed of the
engine 1s decreased to a first rotation speed using the
characteristic that the gear ratio of the continuously variable
transmission can be freely changed. That 1s, a pseudo gear
shift 1s executed. With this, the engine rotation speed 1s
increased with an increase in the vehicle speed; therefore, 1t
1s possible to reduce a sense of discomiort to the driver
during acceleration compared to a vehicle in which the
engine rotation speed 1s not increased even 1f the vehicle
speed increases. In addition, since the pseudo gear shiit 1s
performed, the driver can sufliciently obtain a feeling of
accelerating by wvisually recognizing an engine rotation
speedometer (tachometer).

In the above-described vehicle, a mechanical gear shift by
the stepped variable transmission 1s executed according to a
gear shift line determined by a value (for example, an
accelerator pedal operation amount representing a drive
force required for the vehicle) according to the vehicle speed
and the acceleration request. For this reason, as shown 1n
FIG. 4A, the engine rotation speed 1s increased with an
increase in the vehicle speed alter an acceleration start time
(see point Pal), and when the engine rotation speed reaches
a pseudo gear shift threshold value nejdg (see point Pa3), a
pseudo gear shift 1s executed. Thereafter, the engine rotation
speed 1s decreased once, and before the engine rotation
speed reaches the pseudo gear shift threshold value nejdg
again (see point Pa5), an actual gear shift (mechanical gear
shift) based on the stepped wvariable transmission 1s
executed. In this case, the engine rotation speed (the engine
rotation speed of the point Pa3) at which the pseudo gear
shift occurs 1s different from the engine rotation speed (the
engine rotation speed of the point Pa5) at which the
mechanical gear shift occurs. In addition, the time until the
mechanical gear shift 1s executed after the pseudo gear shiit
1s executed 1s short. With these, a sense of discomiort may
be given to the dniver.

The mvention provides a control device for a vehicle
capable of preventing generation of an irregular decrease 1n
an engine rotation speed and giving a satisfactory sense of
acceleration to a driver without giving a sense of discomiort
by 1ncreasing the engine rotation speed with an increase in
a vehicle speed at the time of acceleration of the vehicle and
performing a pseudo gear shiit and a mechanical gear shiit
at the substantially same engine rotation speed.

A first aspect of the mvention 1s a control device for a
vehicle. The vehicle includes an internal combustion engine,
a driving wheel, a continuously variable transmission
including a first input shaft and a first output shait, the first
input shaft being rotationally driven by the internal com-
bustion engine, the continuously variable transmission being
configured to continuously change a first gear ratio, and the
first gear ratio being a ratio of a rotation speed of the first
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input shait to a rotation speed of the first output shaft, and
a stepped variable transmission including a second input
shaft and a second output shatit, the second 1nput shait being
connected to the first output shaft, the second output shaft
being connected to the driving wheel, and the second output
shaft being configured to transmit torque to the driving
wheel, the stepped varnable transmission being configured to
change a second gear ratio 1n a stepwise manner, and the
second gear ratio 1s a ratio of a rotation speed of the second
input shatt to a rotation speed of the second output shait. The
control device includes an electronic control unit configured
to (1) control a rotation speed of the internal combustion
engine 1 a period during which the vehicle 1s accelerated
according to an acceleration request to the vehicle such that
the rotation speed of the internal combustion engine 1s
increased with an increase 1 a traveling speed of the
vehicle, (1) when the rotation speed of the internal combus-
tion engine reaches a predetermined pseudo gear shiit
threshold value, execute a pseudo gear shift to control the
rotation speed of the internal combustion engine such that
the rotation speed of the internal combustion engine 1s
decreased to a first rotation speed, (111) execute a mechanical
gear shift to change the second gear ratio according to a gear
shift line determined by the traveling speed and a value
according to the acceleration request, and (1v) execute
adjustment control to adjust the rotation speed of the internal
combustion engine 1n advance in a period before executing
the mechanical gear shift such that the rotation speed of the
internal combustion engine matches the pseudo gear shiit
threshold value when the mechanical gear shift 1s performed.

According to the above-described configuration, an
increase in the engine rotation speed with an increase in the
vehicle speed and a pseudo gear shift (a decrease in the
engine rotation speed) are repeated at a substantially regular
interval in terms of vehicle speed. In addition, the engine
rotation speed 1s substantially equal at the time of the start
of the mechanical gear shaft (that 1s, upshiit) by the stepped
variable transmission and at the time of the start of the
pseudo gear shift. As a result, i1t 1s possible to suppress a
sense ol discomifort to the driver of the vehicle during
acceleration, and the driver can feel the vehicle being
accelerated satisfactorily.

In the control device, the vehicle may include an electric
motor, the continuously variable transmission may be a
power distribution mechanism, an output shatt of the electric
motor may be connected to the first output shait and may be
configured to transmit torque to the first output shaft, and the
clectronic control unit may be configured to execute control
of the electric motor.

According to the above-described configuration, the con-
trol device can be applied to a hybrid vehicle including a
power distribution mechanism, an internal combustion
engine, and an electric motor.

In the control device, the electronic control unit may be
configured to adjust an engine rotation speed increase rate 1n
the adjustment control. The engine rotation speed increase
rate may be a ratio of a unit increase amount of the rotation
speed of the first input shaft to a umit increase amount of the
rotation speed of the first output shaft,

According to the above-described configuration, 1t 1s
possible to adjust the increase rate of the engine rotation
speed with respect to an increase 1n the vehicle speed. With
this, 1t 1s possible to make the engine rotation speed sub-
stantially uniform when the pseudo gear shift and the
mechanical gear shift are executed.
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In the control device, the electronic control unit may be
configured to adjust the first rotation speed 1n the adjustment
control.

According to the above-described configuration, when the
pseudo gear shift 1s executed before the mechanical gear
shift 1s executed, the engine rotation speed after the pseudo
gear shift 1s executed 1s adjusted. With this, it 1s possible to
make the engine rotation speed substantially uniform when
the pseudo gear shift and the mechanical gear shift are
executed.

In the control device, the electronic control unit may be
configured to adjust a second rotation speed 1n the adjust-
ment control, and the second rotation speed may be a
rotation speed of the internal combustion engine at an
acceleration start time when the vehicle starts to be accel-
crated based on the acceleration request.

According to the above-described configuration, the
engine rotation speed at the acceleration start time 1s
adjusted. With this, 1t 1s possible to make the engine rotation
speed substantially uniform when the pseudo gear shift and
the mechanical gear shiit are executed.

In the control device, the electronic control unit may be
configured to adjust at least two parameters among a plu-
rality of parameters in the adjustment control, the plurality
of parameters may include (a) an engine rotation speed
increase rate that 1s a ratio of a unit increase amount of the
rotation speed of the first input shaft to a unit increase
amount of the rotation speed of the first output shatt, (b) the
first rotation speed, and (c) a second rotation speed that 1s a
rotation speed of the internal combustion engine at an
acceleration start time when the vehicle starts to be accel-
crated based on an acceleration request to the vehicle.

When the adjustment control 1s performed by adjusting
any one ol the parameters of the engine rotation speed
increase rate, the first rotation speed, and the second rotation
speed, the value of a specific parameter may easily be too
great or too small. For example, 1f the increase rate 1s too
great, the driver 1s likely to feel a sense of discomiort. In
contrast, according to the above-described configuration, the
adjustment control 1s realized by adjusting a plurality of
parameters; therefore, 1t 1s possible to avoid any one param-
cter becoming too great or too small. As a result, 1t 1s
possible to avoid a sense of discomifort to the driver.

In the control device, the electronic control unit may be
configured to change at least two parameters to be adjusted
in the adjustment control among the engine rotation speed
increase rate, the first rotation speed, and the second rotation
speed within an allowable range of each parameter such that
the pseudo gear shiit 1s executed before the mechanical gear
shift 1s executed.

According to the above-described configuration, each
parameter to be adjusted 1s changed within the allowable
range. For this reason, the value of the parameter to be
adjusted 1s not too great or too small. As a result, 1t 1s
possible to avoid a sense of discomifort to the driver.

A second aspect of the invention 1s a control method for
a vehicle. The vehicle includes an internal combustion
engine, a dniving wheel, a continuously variable transmis-
sion including a first input shait and a first output shaft, the
first mput shaft being rotationally driven by the internal
combustion engine, the continuously variable transmission
being configured to continuously change a first gear ratio,
and the first gear ratio being the ratio of a rotation speed of
the first input shaft to a rotation speed of the first output
shaft, and a stepped variable transmission including a sec-
ond 1nput shait and a second output shatt, the second 1mnput
shaft being connected to the first output shait, the second
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output shaft being connected to the driving wheel and the
second output shait being configured to transmit torque to

the driving wheel, the stepped variable transmission being
configured to change a second gear ratio 1 a stepwise
manner, and the second gear ratio being the ratio of a
rotation speed of the second mnput shaft to a rotation speed
of the second output shatt. The control method includes
controlling a rotation speed of the internal combustion
engine 1 a period during which the vehicle 1s accelerated
according to an acceleration request to the vehicle such that
the rotation speed of the internal combustion engine 1s
increased with an increase 1 a traveling speed of the
vehicle, when the rotation speed of the internal combustion
engine reaches a predetermined pseudo gear shiit threshold
value, executing a pseudo gear shift to control the rotation
speed of the internal combustion engine such that the
rotation speed of the internal combustion engine 1s
decreased to a first rotation speed, executing a mechanical
gear shift to change the second gear ratio according to a gear
shift line determined by the traveling speed and a value
according to the acceleration request, and executing adjust-
ment control to adjust the rotation speed of the internal
combustion engine 1n advance in a period before executing
the mechanical gear shift such that the rotation speed of the
internal combustion engine matches the pseudo gear shiit
threshold value when the mechanical gear shift 1s performed.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the imvention will be
described below with reference to the accompanying draw-
ings, i which like numerals denote like elements, and
wherein:

FIG. 1 1s a schematic configuration diagram of a vehicle
to which a control device according to each embodiment of
the 1nvention 1s applied;

FI1G. 2 1s a nomographic chart showing the relationship of
rotation speeds of respective gears 1n a planetary gear device
provided 1n the vehicle;

FIG. 3 1s a graph showing a gear shift line 1n a stepped
variable transmission provided in the vehicle;

FIGS. 4A and 4B are graphs illustrating the outline of
engine rotation speed increase control which 1s executed by
a control device (first device) according to a first embodi-
ment;

FIG. 5 1s a graph showing a state of the engine rotation
speed increase control which 1s executed by the first device;

FIG. 6 1s a graph showing a state of the engine rotation
speed increase control which 1s executed by the first device;

FIG. 7 1s a graph showing a state of the engine rotation
speed increase control which 1s executed by the first device;

FIG. 8 1s a flowchart showing an engine rotation speed
increase control routine which 1s executed by the first
device;

FIG. 9 1s a flowchart showing an engine rotation speed
increase control execution routine which 1s executed by the
first device;

FIG. 10 1s a flowchart showing an engine rotation speed
increase control release routine which 1s executed by the first
device;

FIG. 11 1s a flowchart showing an adjustment parameter
redetermination routine which 1s executed by the first
device;

FI1G. 12 1s a graph showing a state of engine rotation speed
increase control which 1s executed by a control device
(second device) according to a second embodiment;
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FIG. 13 1s a graph showing a state of the engine rotation
speed 1ncrease control which 1s executed by the second
device;

FIG. 14 1s a graph showing a state of the engine rotation
speed 1ncrease control which 1s executed by the second
device;

FIG. 15 1s a graph showing a state of the engine rotation
speed 1ncrease control which 1s executed by the second
device;

FIG. 16 1s a graph showing a state of engine rotation speed
increase control which 1s executed by a control device (third
device) according to a third embodiment;

FIG. 17 1s a graph showing a state of the engine rotation
speed 1increase control which 1s executed by the third device;
and

FIG. 18 1s a graph showing a state of the engine rotation
speed 1ncrease control which 1s executed by the third device.

DETAILED DESCRIPTION OF EMBODIMENTS

Heremafiter, a control device for a vehicle according to
cach embodiment of the mnvention will be described refer-
ring to the drawings.

First Embodiment

A control device (hereinatter, referred to as a first device)
according to a first embodiment of the invention 1s applied
to a vehicle 10 having the schematic configuration shown in
FIG. 1.

The vehicle 10 1s a hybrid vehicle including a first electric
motor (generator motor) MG1, a second electric motor
(generator motor) MG2, and an engine 20. The vehicle 10
turther includes a power distribution mechanism 30, a power
transmission mechanism 50, a first inverter 61, a second
inverter 62, a storage battery 63, and an electronic control
unit (ECU) 70.

The first electric motor MG1 and the second electric
motor MG2 respectively include a stator which includes a
three-phase winding (coil) generating a rotating magnetic
field, and a rotor which includes a permanent magnet
generating torque by magnetic force with the rotating mag-
netic field.

Each of the first electric motor MG1 and the second
clectric motor MG2 can operate as an electric motor and a
generator. The first electric motor MG1 1s primarily used as
a generator, and can perform clutching of the engine 20 at
the time of starting of the engine 20. The first electric motor
MGT1 includes a output shait 41. The second electric motor
MG?2 1s primarily used as an electric motor, and can generate
a drive force (torque causing the vehicle to travel) of the
vehicle 10. The second electric motor MG2 includes a
output shatt 42.

The engine 20 1s a four-cycle spark 1gnition type internal
combustion engine, and has a plurality of cylinders. The
engine 20 can generate the drive force of the vehicle 10. The
engine 20 includes an engine actuator 20a. The engine
actuator 20q includes a throttle valve which adjusts an intake
air amount of the engine 20, a fuel injection valve which
supplies (1njects) fuel to the engine 20, an 1gnition device
which includes an 1gnition plug and changes an ignition
time, and the like. The engine actuator 20a 1s operated,
whereby the engine 20 can change torque to be generated
and/or an engine rotation speed NE.

The power distribution mechamsm 30 includes a plan-
ctary gear device 31. The planetary gear device 31 includes
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a sun gear 32, a plurality of planetary gears 33, a ring gear
34, a planetary carrier 35, and a ring carrier 36.

Each of a plurality of planetary gears 33 is in mesh with
the sun gear 32 and the rning gear 34. A rotation shaft
(rotating shait) of the planetary gear 33 1s provided 1n the
planetary carrier 35. The planetary carrier 335 1s held so as to
be rotatable coaxially with the sun gear 32. Accordingly, the
planetary gear 33 can rotate and revolve around the outer
periphery of the sun gear 32. The ring gear 34 1s held so as
to be rotatable coaxially with the sun gear 32.

The sun gear 32 1s connected to the output shait 41. The
planetary carrier 35 1s a crankshaft 21 of the engine 20. The
ring gear 34 1s connected to the output shait 42 through the
ring carrier 36. The ring gear 34 1s also connected to an
output gear 37 through the ring carrier 36.

The power transmission mechanism 50 includes a stepped
variable transmission 31, a differential gear 52, and a drive
shaft 533. The drive shait 53 i1s connected to a driving wheel
54 of the vehicle 10.

The stepped variable transmission 51 1s an automatic
transmission. The stepped variable transmission 51 includes
an input shait 51aq and an output shait 515. The automatic
transmission can change a gear ratio, which 1s the ratio of a
rotation speed of the mput shatt 51a to a rotation speed of
the output shaft 515, 1n four steps 1n a stepwise manner
(discretely). That 1s, the stepped variable transmission 51 1s
a four-gear transmission. The 1nput shaft S1a of the stepped
variable transmission 51 1s connected to a rotation shaft 37a
of the output gear 37. The output shait 315 of the stepped
variable transmission 51 1s connected to the differential gear
52.

The stepped variable transmission 51 includes a transmis-
sion actuator S1c¢. The transmission actuator S1c 1ncludes a
hydraulic circuit and an electromagnetic valve for hydraulic
switching. The transmission actuator 51c¢ 1s operated,
whereby the stepped variable transmission 51 can select and
realize a predetermined shift gear stage (first gear to fourth
gear).

The differential gear 52 transmits torque to the driving
wheel 54 through the drive shaft 53. The vehicle 10 can
travel with torque transmitted to the driving wheel 54.

The first 1nverter 61 1s electrically connected to the first
clectric motor M1 and the storage battery 63. Accordingly,
when the first electric motor MG1 generates electric power,
clectrical power generated by the first electric motor MG1 1s
supplied to the storage battery 63 through the first inverter
61. Conversely, the first electric motor MG1 1s rotationally

driven with electric power supplied from the storage battery
63 through the first inverter 61.

The second inverter 62 1s electrically connected to the
second electric motor MG2 and the storage battery 63.
Accordingly, the second electric motor MG2 1s rotationally
driven with electric power supplied from the storage battery
63 through the second inverter 62. Conversely, when the
second electric motor MG2 generates electric power, electric
power generated by the second electric motor MG2 1s
supplied to the storage battery 63 through the second
inverter 62.

Electric power generated by the first electric motor MG1
can be supplied directly to the second electric motor MG?2,
and electric power generated by the second electric motor
MG2 can be supplied directly to the first electric motor
MG1.

The ECU 70 1s a microcomputer including a CPU, a
ROM, a RAM, and the like. The ROM stores programs
which are executed by the CPU, look-up tables (maps), and
the like. The RAM temporarily stores data. The ECU 70 1s
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connected to a crank angle sensor 81, a first resolver 82, a
second resolver 83, a vehicle speed sensor 84, an accelerator
opening sensor 85, a {irst temperature sensor 86, and a
second temperature sensor 87. The ECU 70 1s configured to
receive signals from the sensors.

The crank angle sensor 81 generates a signal representing
the rotation position of the crankshait 21 of the engine 20.
The ECU 70 calculates the engine rotation speed NE based
on the signal of the crank angle sensor 81. The first resolver
82 generates a signal representing the rotation position of the
first electric motor MG1. The ECU 70 calculates a rotation
speed Nm1 of the first electric motor MG1 based on the
signal of the first resolver 82. The second resolver 83
generates a signal representing the rotation position of the
second electric motor MG2. The ECU 70 calculates a
rotation speed Nm2 of the second electric motor MG2 based
on the signal of the second resolver 83. The vehicle speed
sensor 84 generates a signal representing a traveling speed
(vehicle speed) Vs of the vehicle 10.

The accelerator opening sensor 85 generates a signal
representing an opening (accelerator pedal operation
amount) Ap of an accelerator pedal 91 which i1s operated
when a driver accelerates the vehicle 10. That 1s, as the
driver depresses the accelerator pedal 91, the accelerator
pedal operation amount Ap increases and requested torque
becomes great.

The first temperature sensor 86 generates a signal repre-
senting a temperature Tml of the field winding in the first
clectric motor MG1. The second temperature sensor 87
generates a signal representing a temperature Tm2 of the
field winding 1n the second electric motor MG2.

The ECU 70 1s connected to the engine actuator 20a and
the transmission actuator 31¢. The ECU 70 1s configured to
transmit drive signals (instruction signals) to the actuators.

The ECU 70 calculates torque to be generated from the
driving wheel 54 based on the vehicle speed Vs of the
vehicle 10, the accelerator pedal operation amount Ap, and
the like. The ECU 70 controls the first inverter 61, the
second mverter 62, the engine 20, and the like such that the
calculated torque 1s generated from the driving wheel 54.

The relationship of the rotation speed Nml of the first
clectric motor MG1, the rotation speed Nm2 of the second
clectric motor M2, and the rotation speed NE of the engine
20, that 1s, the relationship of the rotation speeds of the
respective gears 1n the planetary gear device 31 1s repre-
sented by a known nomographic chart shown in FIG. 2. A
straight line shown in the nomographic chart i1s called an
operating collinear line L. Here, a rotation speed Ns of the
sun gear 32 1s equal to the rotation speed Nml of the first
clectric motor MG1. Referring to FIG. 2, the rotation speed
Ns of the sun gear 32 can be obtained by Expression (1)
described below.

Ns=Nr-(Nr-NE)-(1+p)/p (1)

In Expression (1), p 1s the ratio (p=the number of teeth of
the sun gear 32/the number of teeth of the ring gear 34) of
the number of teeth of the sun gear 32 to the number of teeth
of the ring gear 34. As will be understood from the operating
collinear line L, Expression (1) 1s derived based on the
proportional relationship that the ratio (=(NE—Ns)/(Nr-Ns))
of the difference (INE—Ns) between the engine rotation speed
NE and the rotation speed Ns of the sun gear 32 to the
difference (Nr-Ns) between a rotation speed Nr of the ring
gear 34 and the rotation speed Ns of the sun gear 32 1s equal
to the ratio of (=1/(1+p)) of 1 to a value (1+p). Here, the
rotation speed Nr of the ring gear 34 1s equal to the rotation
speed Nm2 of the second electric motor MG?2.
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From the above, the engine rotation speed NE changes
depending on the rotation speed Nml of the first electric
motor MG1 and the rotation speed Nm2 of the second
clectric motor MG2. In other words, if the engine rotation
speed NE changes, the rotation speed Nml and/or the
rotation speed Nm2 changes.

The second electric motor MG2 1s connected directly to
the ring gear 34 and the ring carrier 36 as the output shait of
the power distribution mechamsm 30. The engine 20 1s
connected directly to the planetary carrier 35 as the mput
shaft of the power distribution mechanism 30. Accordingly,
the ratio A of the rotation speed (that 1s, the engine rotation
speed) of the planetary carrier 35 as the input shaft to the
rotation speed of the ring carrier 36 as the output shatt can
be changed continuously (in a stepless manner). The ratio A
1s appropriately called a first gear ratio. Therelore, the power
distribution mechanism 30 can be regarded as a continu-
ously variable transmission which can continuously change
the first gear ratio.

The ECU 70 acquires the remaining capacity (SOC) of the
storage battery 63 and controls the engine 20 according to
the remaining capacity. With this, the ECU 70 causes the
first electric motor MG1 (and the second electric motor
MG2) to generate electric power and controls the first
iverter 61 and the second mverter 62 to charge the storage
battery 63.

The ECU 70 executes an EV traveling mode 1n which the
vehicle 10 1s made to travel while operating at least one of
the first electric motor MG1 and the second electric motor
MG?2 1n a state where the engine 20 1s stopped. The ECU 70
can execute an HV traveling mode 1n which the engine 20
and at least one of the first electric motor MG1 and the
second electric motor MG2 are operated to make the vehicle
10 travel. That 1s, the ECU 70 can selectively realize both the
EV traveling mode and the HV traveling mode. The ECU 70
determines a traveling mode to be executed from the remain-
ing capacity of the storage battery 63, the vehicle speed Vs,
the accelerator pedal operation amount Ap, and the like.

Traveling control of a hybrid vehicle 1n an HV traveling
mode and an EV traveling mode 1s described 1n detail in, for

example, Japanese Patent Application Publication No. 2009-
126450 (JP 2009-126450 A) (US 2010/0241297 A), Japa-

nese Patent Application Publication No. 9-308012 (JP
0-308012 A) (U.S. Pat. No. 6,131,680 filed on Mar. 10,
1997), and the like. These are mncorporated herein by refer-
ence.

The ECU 70 executes a routine (not shown) to change the
gear ratio of the stepped variable transmission 31 according
to the vehicle speed Vs, the accelerator pedal operation
amount Ap, and gear shift lines Ts1 to Ts3 shown in FIG. 3
(changes the shift gear stage). That 1s, the ECU 70 performs
processing for performing a mechanical gear shift to send a
drive signal to the transmission actuator 51c¢. For example,
when the driving state (the combination of the vehicle speed
Vs and the accelerator pedal operation amount Ap) of the
vehicle 10 changes from a point Ptl to a point Pt2, the ECU
70 executes an upshiit from the second gear to the third gear
at a speed (vehicle speed) vidg when the driving state of the
vehicle 10 exceeds the gear shift line Ts2. The speed vidg at
which the upshift 1s executed i1s called a gear shift speed.

Next, the outline of the operation of the ECU 70 of the
first device will be described.

First, control to be a premise of engine rotation speed
increase control (heremafter, simply referred to as NE
increase control) 1n the first device will be described.

In the hybrid vehicle described above, during normal
driving (steady driving state, non-acceleration), the engine
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20 1s operated at an optimum operation point where fuel
ciliciency of the engine 20 i1s optimized. For this reason,
even 1f the vehicle speed Vs increases, the engine rotation
speed NE 1s not increased.

In contrast, when there 1s an acceleration request from the
driver of the vehicle 10 (that 1s, at the time of acceleration
with a great accelerator pedal operation amount Ap), the
ECU 70 executes the NE increase control. The NE increase
control 1s control for increasing the engine rotation speed
NE with an increase 1n the vehicle speed Vs. The ECU 70
executes pseudo gear shift processing for quickly decreasing
the engine rotation speed NE using the power distribution
mechanism 30 separately from the mechanical gear shift by
the stepped varnable transmission 51 when the engine rota-
tion speed NE reaches a predetermined rotation speed
(pseudo gear shiit threshold value nejdg).

The NE increase control will be described referring to
FIG. 4A. In an example shown i FIG. 4A, when the
operation point (the combination of the vehicle speed Vs and
the engine rotation speed NE) of the vehicle 10 1s at the point
Pal, the accelerator pedal 91 1s greatly depressed, and as a
result, the NE increase control is started. In the example
shown 1n FIG. 4A, since the ECU 70 makes the vehicle 10
travel 1n the EV traveling mode immediately before the NE
increase control 1s started, the engine 20 1s stopped.

When the NFE increase control 1s started, the ECU 70 starts
the engine 20 and turther increases the engine rotation speed
NE to a second rotation speed nestart. As a result, the
operation point becomes a point Pa2.

When the NE increase control 1s started, and when the
ECU 70 makes the vehicle 10 travel in the HV traveling
mode, or the like, the engine 20 may be operated. In this
case, for example, when the operation point 1s at a point
Pala, the ECU 70 increases the engine rotation speed NE to
the second rotation speed nestart and moves the operation
point to the point Pa2. Similarly, when the NE increase
control 1s started, and when the operation point 1s at a point
Palb, the ECU 70 decreases the engine rotation speed NE to
the second rotation speed nestart and moves the operation
point to the point Pa2.

Thereatter, the ECU 70 increases drive torque generated
by the engine 20 and/or the second electric motor MG2 to
increase the vehicle speed Vs. At this time, the ECU 70
maintains an engine rotation speed increase rate nvrate
(nvrate=NE/Vs), which is the ratio of an increase amount of
the engine rotation speed NE to an increase amount of the
vehicle speed Vs, at a predetermined value nl. The increase
rate nvrate 1s called a rotation speed-to-vehicle speed ratio
nvrate. As a result, the engine rotation speed NE 1s increased
in proportion to the vehicle speed Vs. That 1s, as the vehicle
speed Vs becomes higher, the engine rotation speed NE
becomes higher.

In such a situation, the mechanical gear shift 1s not
performed. Accordingly, the vehicle speed Vs (in other
words, the rotation speed of the drive shait 53) 1s propor-
tional to the rotation speed Nm2 of the second electric motor
MG2 connected to the drive shaft 53 through the stepped
variable transmission 51, the output gear 37, and the ring
gear 34. Therefore, the rotation speed Nm2 of the second
clectric motor MG2 1s proportional to the vehicle speed Vs.
For this reason, the ECU 70 adjusts the rotation speed Nml
of the first electric motor MG1 according to the rotation
speed Nm2 and the engine rotation speed NE so as to follow
Expression (1) described above when increasing the engine
rotation speed NE 1n proportion to the vehicle speed Vs.

That 1s, 11 the vehicle speed Vs increases, the rotation
speed Nm2 increases. For this reason, the ECU 70 also
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increases the rotation speed Nm1 of the first electric motor
MG1 with an increase 1n the rotation speed Nm2 such that
the engine rotation speed NE can be increased with an
increase 1n the vehicle speed Vs.

Thereafter, the engine rotation speed NE reaches the
pseudo gear shiit threshold value nejdg. The pseudo gear
shift threshold value nejdg 1s a predetermined value which
1s determined based on the accelerator pedal operation
amount Ap by the ECU 70 at the time of the start of the NE
increase control.

If the engine rotation speed NE reaches the pseudo gear
shift threshold value nejdg, the ECU 70 executes the pseudo
gear shift processing. That 1s, when the operation point of
the engme 20 becomes the point Pa3, the ECU 70 decreases
the engine rotation speed NE quickly to a predetermined first
rotation speed nebase. The engine rotation speed NE being
quickly decreased while the vehicle speed Vs 1s increasing
1s the same phenomenon as a phenomenon (a phenomenon
accompanied by a change 1n a gear ratio) which occurs when
an upshift by the stepped variable transmission 1s performed.
Accordingly, an operation to decrease the engine rotation
speed NE quickly to the first rotation speed nebase using the
power distribution mechamism 30 when the mechanical gear
shift 1s not performed 1s called a pseudo gear shift for
convenience. The first rotation speed nebase 1s a predeter-
mined value which 1s determined based on the accelerator
pedal operation amount Ap or the like by the ECU 70 at the
time of the start of the NE increase control.

The ECU 70 decreases the rotation speed Nm1 of the first
clectric motor MG1 quickly when executing the pseudo gear
shift processing. At this time, the ECU 70 decreases the
amount of fuel supplied to the combustion chamber of the
engine 20. Alternatively, the ECU 70 may make the amount
of Tuel supplied to the combustion chamber of the engine 20
at this time zero. As a result of the pseudo gear shiit
processing, the operation point becomes a point Pad.

After the execution of the pseudo gear shiit processing,
the ECU 70 increases the engine rotation speed NE at the
increase rate nvrate with an increase in the vehicle speed Vs.
As a result, when the vehicle speed Vs reaches a gear shiit
speed vidg, that 1s, when the operation point becomes a point

Pa3, the ECU 70 executes mechanical gear shiit processing.

That 1s, the ECU 70 performs an upshiit to increase the shiit
gear stage of the stepped vanable transmission 51 by one
stage. At this time, the ECU 70 adjusts the rotation speed
Nm1 of the first electric motor MG1 such that the engine
rotation speed NE 1s decreased quickly to the first rotation
speed nebase.

In control to be a premise of the NE increase control
described above, the pseudo gear shift processing 1is
executed when the engine rotation speed NE reaches the
pseudo gear shift threshold value nejdg. In addition, the
mechanical gear shift processing 1s executed when the
vehicle speed Vs reaches the gear shift speed vidg (the
driving state of the vehicle 10 crosses the gear shift line). For
this reason, the engine rotation speed NE (that 1s, the pseudo
gear shift threshold value nejdg) at the operation point Pa3
where the pseudo gear shift processing 1s executed may be
different from the engine rotation speed NE at the operation
point Pa5 where the mechanical gear shift processing 1s
executed. In this case, the engine rotation speed NE which
1s visually recognized by a rotation speedometer (tachom-
cter) provided 1 a dashboard (not shown) of the vehicle 10
1s repeatedly moved up and down 1rregularly, whereby the
driver of the vehicle 10 may feel a sense of discomiort.

In this embodiment, the ECU 70 adjusts the engine

rotation speed NE such that the engine rotation speed NE
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which the mechanical gear shift processing i1s executed
matches the engine rotation speed NE (that 1s, the pseudo
gear shuft threshold value nejdg) when the pseudo gear shait
processing 1s executed. The adjustment of the engine rota-
tion speed NE 1s performed by adjusting the increase rate
nvrate during the NE 1increase control in advance.

The control will be specifically described referring to
FIG. 4B. The ECU 70 assumes that the subsequent accel-
erator pedal operation amount Ap 1s not changed at the NE

increase control start time, and acquires an expected gear
shift speed vidg, at which the mechanical gear shift (upshait)
1s performed next, based on the gear shiit line shown 1n FIG.
3. The ECU 70 acquires a vehicle speed via at the NE
increase control start time (operation point Pal).

Then, the ECU 70 calculates (determines) the increase

rate nvrate based on the second rotation speed nestart, the
pseudo gear shift threshold value nejdg, the first rotation
speed nebase, and the diflerence Av between the gear shift
speed vidg and the vehicle speed via at the time of the start
of the NE increase control such that the engine rotation
speed NE when the mechanical gear shift processing 1s
executed matches the pseudo gear shift threshold value
nejdg. In an example shown in FIG. 4B, the increase rate
nvrate calculated in such a manner 1s a value n2 greater than
the value nl.

The ECU 70 performs the processing (including the
pseudo gear shift processing and the mechanical gear shiit
processing) of the NE increase control using the increase
rate nvrate. As a result, pseudo gear shift control 1s executed
at an operation point Pa3' where the engine rotation speed
NE becomes equal to the pseudo gear shift threshold value
nejdg, and mechanical gear shift control 1s executed at an
operation point Pa%' where the engine rotation speed NE
becomes equal to the pseudo gear shiit threshold value
nejdg. With this, the pseudo gear shift and the mechanical
gear shift are executed at the substantially same engine
rotation speed NE, and the occurrence of the mechanical
gear shift immediately after the pseudo gear shift 1s avoided.
Therefore, the first device can reduce a sense of discomfort
to the driver.

The ECU 70 makes as many pseudo gear shiits as possible
occur before a mechanical gear shift occurring next during
the execution of the NE increase control while adjusting the
increase rate nvrate within an allowable range of an upper
limit value (upper increase rate nvmax) and a lower limait
value (lower limit increase rate nvmin) This 1s because the
occurrence ol many pseudo gear shifts can allow the driver
to obtain a more satisfactory sense of acceleration. In
addition, 1t 1s because, if the increase rate nvrate 1s equal to
or greater than the upper limit increase rate nvmax, the
pseudo gear shift frequently occurs and the driver feels a
sense of discomfort; whereas, 11 the increase rate nvrate 1s
less than the lower limit increase rate nvmin, the increase
amount of the engine rotation speed NE to the increase
amount ol the vehicle speed Vs becomes small, and the
driver hardly obtains a sense of acceleration.

For example, in an example shown in FIG. 5, the vehicle
speed at the time of the start of the NE increase control 1s a
vehicle speed vib. In this case, the difference Av between the
gear shift speed vidg and the vehicle speed vib 1s compara-
tively great. For this reason, the ECU 70 sets the increase
rate nvrate to the lower limit increase rate nvmin and
executes two pseudo gear shifts (operation points Pb3 and
Pb5) betfore the mechanical gear shift (see an operation point
Pb7). In this example, even if the increase rate nvrate 1s set

to the upper limit increase rate nvmax, three pseudo gear
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shifts cannot be executed before the mechanical gear shift
(see the operation point Pb7).

In an example shown 1n FIG. 6, the vehicle speed at the
time of the start of the NE increase control 1s a vehicle speed
vic higher than the vehicle speed vib, and the difference Av
between the gear shift speed vidg and the vehicle speed vic
1s smaller than in the example shown i FIG. 5 by a
predetermined speed. For this reason, the ECU 70 sets the
increase rate nvrate to the upper limit increase rate nvmax
and executes two pseudo gear shiits (see the operation points
Pc3 and Pc5) before the mechanical gear shift (see an
operation point Pc7).

In an example shown 1n FIG. 7, the vehicle speed at the
time of the start of the NE increase control 1s a vehicle speed
vid close to the gear shift speed vijdg, and the difference Av
between the gear shift speed vidg and the vehicle speed vid
1s smaller than in the example shown 1n FIG. 6. In this case,
even 1f the increase rate nvrate 1s set to the upper limait
increase rate nvmax, one pseudo gear shift cannot be
executed before the mechanical gear shift (see an operation
point Pd3). Accordingly, the ECU 70 sets the increase rate
nvrate to a predetermined value between the upper limit
increase rate nvmax and the lower limit increase rate nvmin,
and makes the engine rotation speed NE at the mechanical
gear shift (see the operation point Pd3) match the pseudo
gear shift threshold value nejdg.

Next, the specific operation of the first device will be
described. The CPU of the ECU 70 1s configured to store on
the RAM a control execution flag Xdt representing whether
or not the NE increase control described above should be
executed. The value of the control execution flag Xdt 1s set
to O 1n an mitial routine (not shown) which 1s executed by
the CPU. The imitial routine 1s executed when the position of
an 1gmition switch in the vehicle 10 i1s changed from an on
position to an ofl position. As described below, the value of
the control execution flag Xdt 1s set to 1 1n a state where the
NE increase control should be executed, and 1s set to O when
there 1s no need to execute the NE 1increase control.

The CPU 1s configured to execute a parameter determi-
nation routine shown 1n the flowchart of FIG. 8 each time a
predetermined time elapses. Accordingly, the CPU starts
processing from Step 800 of FIG. 8 at an appropriate timing,
progresses to Step 805, and determines whether or not the
value of the control execution flag Xdt 1s 0.

(A) A case where the accelerator pedal 91 1s not greatly
depressed and the vehicle 10 1s not 1n quick acceleration. In
this case, since the value of the control execution flag Xdt 1s
0, the CPU determines to be Yes 1n Step 805, progresses to
Step 810, and determines whether or not the accelerator
pedal operation amount Ap 1s greater than a predetermined
threshold value (control start determination threshold value)
Apthl. The control start determination threshold value
Apthl 1s the accelerator pedal operation amount Ap which 1s
reached when the driver requests quick acceleration.

On the assumption described above, since the accelerator
pedal 91 1s not greatly depressed, the accelerator pedal
operation amount Ap 1s smaller than the control start deter-
mination threshold value Apthl. Accordingly, the CPU
determines to be No 1n Step 810, progresses directly to Step
895, and ends this routine once. Therefore, 1n this case, the
value of the control execution flag Xdt 1s not changed and 1s
maintained to 0.

The CPU 1s configured to execute a control execution
routine shown in the flowchart of FIG. 9 each time a
predetermined time elapses.

Accordingly, the CPU starts processing from Step 900 of
FIG. 9 at an appropriate timing, progresses to Step 905, and
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acquires requested torque Treq and requested output Preq for
the power distribution mechamism 30 based on the vehicle
speed Vs, the accelerator pedal operation amount Ap, and
the like. For example, the CPU obtains requested torque and
requested output for the vehicle 10 based on the vehicle
speed Vs, the accelerator pedal operation amount Ap, and
the like, and converts requested torque and requested output
to requested torque Treq and requested output Preq based on
the gear ratio (shift gear stage) of the stepped variable
transmission 51. Requested torque Treq for the vehicle 10
becomes greater as the accelerator pedal operation amount
Ap at an arbitrary vehicle speed Vs becomes greater, and
becomes smaller as the vehicle speed Vs in an arbitrary
accelerator pedal operation amount Ap becomes greater.

Next, the CPU progresses to Step 910 and determines
whether or not the value of the control execution tlag Xdt 1s
1. At the moment, the value of the control execution flag Xdt
1s 0. Accordingly, the CPU determines to be No 1n Step 910,
progresses to Step 940, and controls the engine 20, the first
inverter 61, and the second inverter 62. That 1s, the CPU
executes normal traveling control. Therefore, the engine 20
1s driven or stopped at the optimum operation point, and the
engine 20, the first electric motor MG1, and the second
clectric motor MG2 are controlled such that requested
torque Treq and requested output Preq are satisfied. There-
after, the CPU progresses to Step 995, and ends this routine
once.

(B) A case where the accelerator pedal 91 i1s greatly
depressed. In this case, the accelerator pedal operation
amount Ap becomes greater than the control start determi-
nation threshold value Apthl. Accordingly, the CPU deter-
mines to be Yes 1 Step 810 of FIG. 8, progresses to Step
815, and determines whether or not an execution allowance
condition of the NE increase control 1s established.

The execution allowance condition of the NE increase
control 1s established, for example, (a) when the remaining
quantity of the storage battery 63 1s greater than a prede-
termined threshold value, (b) when the temperature Tm1 of
the field winding 1n the first electric motor MG1 1s lower
than a predetermined threshold value, and (c) when the
temperature Tm2 of the field winding 1n the second electric
motor MG2 1s lower than a predetermined threshold value.
If the execution allowance condition 1s established, the CPU
determines to be Yes 1n Step 813, progresses to Step 820, and
changes the value of the control execution flag Xdt to 1. If
the execution allowance condition i1s not established, the
CPU determines to be No 1n Step 815, progresses directly to
Step 895, and ends this routine once. Accordingly, since the
value of the control execution flag Xdt 1s maintained to O,
processing of Step 940 of FIG. 9 1s executed, and normal
control 1s continued.

When the execution allowance condition 1s established,
the CPU progresses to Step 825 after performing processing
of Step 820, and acquires 1nitial values of respective param-
cters (specifically, the increase rate nvrate, the second rota-
tion speed nestart, the pseudo gear shift threshold value
nejdg, and the first rotation speed nebase) relating to the NE
increase control.

Specifically, the ECU 70 stores the relationship of the
accelerator pedal operation amount Ap, the vehicle speed
Vs, the gear ratio (shift gear stage) of the stepped variable
transmission 51, and the like and the 1nitial values of the
increase rate nvrate, the second rotation speed nestart, the
pseudo gear shift threshold value nejdg, and the first rotation
speed nebase in the ROM 1n the format of a look-up table.
The CPU applies the actual accelerator pedal operation
amount Ap, vehicle speed Vs, gear ratio (shift gear stage) of




US 9,932,039 B2

15

the stepped varnable transmission 31, and the like at the time
of the start of the NE increase control to the table to
determine the 1nmitial values of the parameters.

Next, the CPU progresses to Step 830, acquires the
vehicle speed Vs at the time of the start of the NE increase
control, and acquires the gear shift speed vidg of the
mechanical gear shift occurring next based on the accelera-
tor pedal operation amount Ap and the table shown 1n FIG.
3.

Next, the CPU progresses to Step 835 and determines
(corrects) the value of the increase rate nvrate as an adjust-
able parameter based on the second rotation speed nestart,
the pseudo gear shiit threshold value nejdg, the first rotation
speed nebase, and the difference Av between the gear shift
speed vidg and the vehicle speed via at the time of the start
of the NE 1ncrease control.

As described above, the increase rate nvrate can be set
(changed) between the lower limit increase rate nvmin and
the upper limit increase rate nvmax (that 1s, within the
allowable range). In this embodiment, the lower limuit
increase rate nvmin 1s the value of a predetermined lower
limit ratio ad (for example, 90% of an 1nmitial value nvint) of
the 1nitial value nvint of the increase rate nvrate determined
in Step 825. The upper limit increase rate nvmax 1s the value
ol a predetermined upper limit ratio au (for example, 110%
of the imtial value nvint) of the imtial value nvint. In
addition, the mitial value nvint and the predetermined upper
limit ratio au are set such that, even 11 the vehicle speed at
the time of the start of the NE increase control 1s any vehicle
speed, when the engine rotation speed NE 1n the mechanical
gear shift (when the vehicle speed Vs becomes the gear shiit
speed vidg) occurring next 1s made to match the pseudo gear
shift threshold value nejdg, only two pseudo gear shiits are
performed at most before the mechanical gear shift. The
initial value nvint and the predetermined upper limit ratio au
are set such that only two pseudo gear shifts are performed
at most between one mechanical gear shiit and a subsequent
mechanical gear shiit.

In Step 835, first, the CPU first adjusts the increase rate
nvrate within the allowable range. With this, the CPU makes
the engine rotation speed NE when the vehicle speed Vs
becomes the gear shiit speed vidg (next mechanical gear
shift) match the pseudo gear shift threshold value nejdg, and
determines whether or not the pseudo gear shift can be
executed twice (that 1s, whether or not requirements for two
executions are satisiied) until this time.

When the requirements for two executions are satisiied,
the CPU uses the adjusted increase rate nvrate as the value
of a vaniable adjustment parameter (an adjustment parameter
of the NE 1increase control which 1s executed at this time).

When the requirements for two executions are not satis-
fied, the CPU adjusts (increases or decreases) the increase
rate nvrate from the 1nitial value within the allowable range
to execute the pseudo gear shift once until the vehicle speed
Vs becomes the gear shiit speed vidg, and further determines
whether or not the engine rotation speed NE when the
vehicle speed Vs becomes the gear shift speed vidg can be
made to match the pseudo gear shiit threshold value nejdg
(that 1s, whether or not requirements for one execution are
satisiied).

When the requirements for one execution are satisiied, the
CPU uses the adjusted increase rate nvrate as the value of a
variable adjustment parameter (an adjustment parameter of
the NE 1ncrease control which 1s executed at this time).

When the requirements for one execution are not satisiied,
the CPU does not execute the pseudo gear shiit before the
vehicle speed Vs becomes the gear shift speed vidg (before
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the mechanical gear shift 1s executed), and adjusts the
increase rate nvrate such that the engine rotation speed NE
when the vehicle speed Vs becomes the gear shift speed vidg
matches the pseudo gear shiit threshold value nejdg. In this
case, the CPU uses the adjusted increase rate nvrate as the
value of a vanable adjustment parameter (an adjustment
parameter of the NE increase control which 1s executed at
this time). When the requirements for one execution are not
satisfied, the CPU uses the initial value nvint as the value of
a variable adjustment parameter (an adjustment parameter of
the NE increase control which 1s executed at this time).
Thereatter, the CPU progresses to Step 895, and ends this
routine once.

In this way, 1f the CPU progresses to Step 910 of FIG. 9
immediately after the value of the control execution flag Xdt
1s changed from O to 1, the CPU determines to be Yes 1n Step
910 and progresses to Step 915. In Step 915, the CPU
determines whether or not 1t 1s immediately after the NE
increase control 1s started (that 1s, whether or not 1t 1s
immediately after the value of the control execution tlag Xdt
1s changed from O to 1).

Immediately after the NE increase control is started, the
CPU determines to be Yes 1n Step 915, progresses to Step
920, and makes the engine rotation speed NE match the
second rotation speed nestart. Specifically, the CPU adjusts
the engine rotation speed NE by controlling output torque
and the rotation speed Nm1 of the first electric motor MG,
the air amount and the fuel 1njection amount (fuel supply
amount) taken into the combustion chamber of the engine
20, and the like. Thereafter, the CPU progresses to Step 995,
and ends this routine once.

Thereatter, 11 the CPU starts the processing from Step 900
of the routine of FIG. 9 1n a state where the value of the
control execution flag Xdt 1s maintained to 1, the CPU
progresses to Step 915 through Steps 903 and 910. Since this
time 1s not immediately after the NE 1increase control 1s
started, the CPU determines to be No 1n Step 913, progresses
to Step 925, and determines whether or not the engine
rotation speed NE reaches the pseudo gear shift threshold
value nejdg. That 1s, 1n Step 925, the CPU determines
whether or not i1t 1s timing for executmg the pseudo gear
shift. Accordmg to the first device, since the mechanical gear
shift 1s also executed when the engine rotation speed NE
reaches the pseudo gear shift threshold value ne 1dg, 1 Step
925, the CPU also determines whether or not 1t 1s timing for
executing the mechanical gear shiit.

For a while after the engine rotation speed NE 1s made to
match the second rotation speed nestart, the engine rotation
speed NE does not reach the pseudo gear shift threshold
value nejdg (that 1s, NE<nejdg). Accordingly, the CPU
determines to be No 1n Step 925, progresses to Step 9335, and
increases the engine rotation speed NE at the adjusted
increase rate nvrate with an increase 1n the vehicle speed Vs.
Specifically, the CPU increases the engine rotation speed NE
by controlling output torque and the rotation speed Nm1 of
the first electric motor MG1, the air amount and the fuel
injection amount (fuel supply amount) taken into the com-
bustion chambers of the engine 20, and the like. Next, the
CPU progresses to Step 995. As a result, the engine rotation
speed NE 1s increased so as to be in proportion to the vehicle
speed Vs.

Thereatter, if a predetermined time elapses, the engine
rotation speed NE reaches the pseudo gear shift threshold
value nejdg. In this case, the CPU determines to be Yes in
Step 925 of FIG. 9, progresses to Step 930, and executes the
pseudo gear shift. That 1s, the CPU decreases the engine
rotation speed NE quickly to the first rotation speed nebase.
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Specifically, the CPU decreases the engine rotation speed
NE quickly by controlling output torque and the rotation
speed Nm1 of the first electric motor MG1, the air amount
and the fuel imjection amount (fuel supply amount) taken
into the combustion chamber of the engine 20, and the like.
Next, the CPU progresses to Step 995.

Such processing 1s repeated, whereby the engine rotation
speed NE 1s increased from the first rotation speed nebase to
the pseudo gear shift threshold value nejdg so as to be in
proportion to the vehicle speed Vs. Then, when the engine
rotation speed NE matches the pseudo gear shift threshold
value nejdg, and when the vehicle speed Vs matches the gear
shift speed vidg, the mechanical gear shift 1s performed.
Even when the mechanical gear shiit 1s executed, the CPU
performs processing for decreasing the engine rotation speed
NE quickly to the first rotation speed nebase (matching the
first rotation speed nebase) 1n the same manner as at the time
of the pseudo gear shiit.

Though not shown, if the mechanical gear shift 1s per-
tformed, the CPU executes the processing of Steps 825 to
835 of FIG. 8 again. With this, even 1n a period until the next
mechanical gear shift 1s performed, the NE increase control
1s executed. As a result, until the next mechanical gear shiit
1s performed, both the engine rotation speed NE generated
by the pseudo gear shift and the engine rotation speed NE
generated by the next mechanical gear shift can be made to
substantially match the pseudo gear shift threshold value
nejdg, and both the engine rotation speed NE immediately
alter the pseudo gear shift and the engine rotation speed NE
immediately after the next mechanical gear shift can be
made to substantially match the first rotation speed nebase.

The CPU 1s configured to execute an NE increase control
release routine shown 1n the flowchart of FIG. 10 each time
a predetermined time elapses. Accordingly, the CPU starts
processing from Step 1000 of FIG. 10 at an appropnate
timing, progresses to Step 1003, and determines whether or
not the value of the control execution flag Xdt 1s 1. If the
value of the control execution flag Xdt 1s not 1 (that 1s, 0),
the CPU determines to be No 1 Step 1005, progresses
directly to Step 1095, and end this routine once.

In contrast, 1f the value of the control execution flag Xdt
1s 1, the CPU determines to be Yes 1n Step 1005, progresses
to Step 1010, and determines whether or not the accelerator
pedal operation amount Ap 1s smaller than a predetermined
threshold value (control end determination threshold value)

Apth2. The control end determination threshold value Apth2
1s set to a value equal to or smaller than the control start
determination threshold value Apthl (that 1s, Apth2<Apthl).

At this time, 11 the accelerator pedal operation amount Ap
1s equal to or greater than the control end determination
threshold value Apth2 (that 1s, 11 the acceleration request 1s
continued), the CPU determines to be No in Step 1010,
progresses directly to Step 1095, and ends this routine once.

In contrast, 11 the accelerator pedal operation amount Ap
1s less than the control end determination threshold value
Apth2 (that 1s, 1t the acceleration request ends), the CPU
determines to be Yes in Step 1010, progresses to Step 1015,
and sets the value of the control execution flag Xdt to O.
Thereatter, the CPU progresses to Step 1095, and ends this
routine once.

In this way, if the accelerator pedal operation amount Ap
1s less than the control end determination threshold value
Apth2 1n a state where the value of the control execution flag
Xdt 1s 1, the value of the control execution flag Xdt 1s
returned to 0. As a result, the CPU determines to be No 1n
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Step 910 of FIG. 9, and progresses to Step 940, therefore, the
NE increase control ends, and the normal control 1s
executed.

As described above, the first device according to the first
embodiment 1s applied to the vehicle (10) including the
internal combustion engine 20, the continuously variable
transmission (power distribution mechamsm 30, planetary
gear device 31) which has the first input shaft (planetary
carrier 33), which 1s rotationally driven by the internal
combustion engine, and the first output shaft (ring carrier
36), and 1s configured to continuously change the first gear
ratio which 1s the ratio of the rotation speed of the first input
shaft to the rotation speed of the first output shait (see the
nomographic chart of FIG. 2 and Expression (1)), and the
stepped vanable transmission (31) which has the second
input shaft (input shait 5S1a) connected to the first output
shaft, and the second output shaft (output shait 515) con-
nected to the driving wheel (54) so as to transmit torque, and
1s configured to change the second gear ratio, which 1s the
ratio of the rotation speed of the second input shaft to the
rotation speed of the second output shait, 1n a stepwise
manner (see the gear shift diagram shown 1n FIG. 3). In the
control device for a vehicle including the control unit (the
ECU 70) which controls the rotation speed of the internal
combustion engine and the second gear ratio, the control unit
controls the rotation speed of the internal combustion engine
in a period during which the vehicle 1s accelerated according
to the acceleration request to the vehicle (a period during
which the value of the control execution flag Xdt 1s 1) such
that the rotation speed of the mternal combustion engine 1s
increased with an increase in the traveling speed of the
vehicle. When the rotation speed of the internal combustion
engine reaches the predetermined pseudo gear shift thresh-
old value nejdg, the control unit executes the pseudo gear
shift to control the rotation speed of the internal combustion

engine such that the rotation speed of the internal combus-
tion engine 1s decreased to the predetermined first rotation
speed nebase (see Steps 8235 to 835 of FIGS. 4B, Sto 7, and
8, Steps 920 and 925 to 935 of FIG. 9). The control unit 1s
configured to further execute the mechamical gear shiit to
change the second gear ratio according to the gear shift line
which 1s determined by the traveling speed (Vs) of the
vehicle and the value (Ap) according to the acceleration
request (the ECU 70, see FIG. 3). In addition, the control
unit 1s configured to execute the adjustment control (control
for adjusting the value of the increase rate nvrate as the
adjustable parameter) to adjust the rotation speed of the
internal combustion engine in advance in a period before the
mechanical gear shift 1s performed such that the rotation
speed of the internal combustion engine matches the pseudo
gear shuft threshold value nejdg when the mechanical gear
shift 1s performed (see Step 835 of FIGS. 4 to 7, and 8, and
Step 935 of FIG. 9).

The continuously variable transmission (power distribu-
tion mechamsm 30, planetary gear device 31) 1s the power
distribution mechanism in which the output shaft (output
shaft 42) of the electric motor (second electric motor MG2)
in the vehicle 1s connected to the first output shaft (ring
carrier 36) so as to transmit torque, and the control unit (the
ECU 70) 1s configured to control the electric motor.

The first device 1s configured to realize the adjustment
control by adjusting the increase rate (nvrate) which 1s the
ratio of the unit increase amount of the rotation speed of the

first input shaft to the unit increase amount of the rotation
speed of the first output shaft (see Step 835 of FIG. 8 and

Step 935 of FIG. 9).
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According to the first device, an increase 1n the engine
rotation speed NE with an increase 1n the vehicle speed Vs
and the pseudo gear shiit (a decrease 1n the engine rotation
speed NE) are repeated at a substantially regular interval 1n
terms of vehicle speed Vs. In addition, the engine rotation
speed NE at the time of the start of the pseudo gear shiit and
the engine rotation speed NE at the time of the start of the
mechanical gear shift substantially become the same value
(pseudo gear shift threshold value nejdg). In addition, the
engine rotation speed NE immediately after the pseudo gear
shift and the engine rotation speed NE immediately after the
mechanical gear shift substantially become the same value
(first rotation speed nebase). As a result, the driver of the
vehicle 10 does not feel a sense of discomiort during
acceleration and can obtain a satisfactory sense ol accelera-
tion.

Next, a modification example of the first embodiment will
be described. A CPU according to the modification example
executes a redetermination routine of an adjustment param-
cter shown 1n FIG. 11 1n addition to the routines shown 1n
FIGS. 8 to 10 each time a predetermined time elapses.

Accordingly, the CPU starts processing from Step 1100 of
FIG. 11 at an appropriate timing, progresses to Step 1105,
and determines whether or not the value of the control
execution flag Xdt 1s 1.

When the NE increase control 1s being executed and 1t 1s
immediately after the pseudo gear shift 1s executed, the
value of the control execution flag Xdt 1s 1. For this reason,
the CPU determines to be Yes 1n Step 1105, progresses to
Step 1110, and determines whether or not it 1s immediately
alter the pseudo gear shift 1s executed.

In the above-described case, since 1t 1s immediately after
the pseudo gear shift 1s executed, the CPU determines to be
Yes 1 Step 1110, progresses to Step 1115, and determines
the value of an adjustable parameter again. Specifically, the

CPU determines the value of the increase rate nvrate as an
adjustable parameter by executing the same processing as
Step 8335 of FIG. 8. Next, the CPU progresses to Step 895,
and ends this routine once.

If the NE increase control 1s not being executed, the CPU
determines to be No 1n Step 1105, and progresses directly to
Step 1195. In addition, 1f 1t 1s not immediately after the
pseudo gear shift processing 1s executed, the CPU deter-
mines to be No 1n Step 1110, and progresses directly to Step
1195.

According to this modification example, an adjustable
parameter (in this example, the increase rate nvrate) i1s
determined again each time the gear shift processing 1is
executed. Therefore, even when the gear shift speed vidg 1s
changed due to a reason, such as a change 1n the accelerator
pedal operation amount Ap in a period during which the N.
increase control 1s executed, the engine rotation speed N.
can be made to match the pseudo gear shiit threshold value
nejdg more reliably at the timing when the mechanical gear
shift 1s executed.

Next, a control device (hereinatfter, referred to as a second
device) for a vehicle according to a second embodiment of
the mvention will be described. The first device described
above adjusts the values of the increase rate nvrate as an
adjustable parameter when executing the NE increase con-
trol. In contrast, the second device 1s different from the first
device 1n that the second rotation speed nestart 1s adjusted as
an adjustable parameter. Heremafiter, description will be
provided focusing on the difference. In the following
description, an ECU of the second device corresponding to

the ECU 70 of the first device i1s reterred to as an ECU 71.
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The second rotation speed nestart can be set (changed)
between a lower limit start rotation speed nesmin and an
upper limit start rotation speed nesmax (that 1s, within an
allowable range). That 1s, the ECU 71 sets the second
rotation speed nestart while limiting the second rotation
speed nestart within the allowable range such that the engine
rotation speed NE when the mechanical gear shift process-
ing 1s executed matches the engine rotation speed NE (that
1s, the pseudo gear shift threshold value nejdg) when the
pseudo gear shilt processing 1s executed. The upper limit
start rotation speed nesmax 1s a value between the pseudo
gear shift threshold value nejdg and the first rotation speed
nebase. In addition, as shown 1n FIGS. 13, 14, and the like,
the difference d1 between the first rotation speed nebase and
the lower limit start rotation speed nesmin 1s substantially
equal to the difference d2 between the upper limit start
rotation speed nesmax and the first rotation speed nebase
(that 1s, nebase—nesmin=nesmax—nebase).

For example, in an example shown in FIG. 12, the
difference Av between the gear shift speed vidg and an NE
increase control start vehicle speed vit 1s comparatively
great. In this case, the ECU 71 executes two pseudo gear
shifts (see operation points P13 and P15) before the mechani-
cal gear shift (see an operation point P17), and sets the value
of the second rotation speed nestart to an engine rotation
speed nest such that the engine rotation speed NE 1n the
mechanical gear shift (see the operation point P17) 1s made
to match the pseudo gear shiit threshold value nejdg.

FIG. 13 shows a case where the NE 1ncrease control start
vehicle speed 1s a vehicle speed vig higher than the vehicle
speed vil, and the diflerence Av between the gear shift speed
vidg and the NE increase control start vehicle speed vig 1s
smaller than in the example shown i FIG. 12; for this
reason, the ECU 71 sets the value of the second rotation
speed nestart to the upper limait start rotation speed nesmax,
executes two pseudo gear shiit (see operation points Pg3 and
Pg5) before the mechanical gear shift (see an operation point
Pg7), and makes the engine rotation speed NE in the
mechanical gear shift (see the operation point Pg7) match
the pseudo gear shift threshold value nejdg.

If the difference Av becomes smaller, even when the value
ol the second rotation speed nestart 1s set to the upper limait
start rotation speed nesmax, two pseudo gear shifts to the
mechanical gear shift cannot be performed. Accordingly, as
shown 1n FIG. 14, the ECU 71 makes the value of the second
rotation speed nestart small to decrease the number of
pseudo gear shifts occurring before the mechanical gear
shift. As a result, the time from the start of the NE increase
control (see an operation point Phl) to the initial pseudo gear
shift (see an operation point Ph3) can be extended. Accord-
ingly, since the pseudo gear shiit does not occur immediately
after the start of the NE increase control, 1t 1s possible to
avold a sense of discomiort to the driver.

Specifically, in an example shown in FIG. 14, the NE
increase control start vehicle speed 1s a vehicle speed vih
slightly higher than the vehicle speed vig, and the difference
Av between the gear shift speed vidg and the NE increase
control start vehicle speed vih 1s slightly smaller than 1n the
example shown in FIG. 13. For this reason, the ECU 71 sets
the value of the second rotation speed nestart to the lower
limit start rotation speed nesmin and executes one pseudo
gear shift (see the operation point Ph3) before the mechani-
cal gear shift (see an operation point PhS).

In an example shown 1n FIG. 15, the NE
start vehicle speed 1s a vehic
vehicle speed vih, and the dif

shift speed vidg and the NE

increase control
e speed vii higher than the
‘erence Av between the gear
increase control start vehicle




US 9,932,039 B2

21

speed vi1 1s smaller than in the example shown 1n FIG. 14.
In this case, even 1f the value of the second rotation speed
nestart 1s set to the upper limit start rotation speed nesmax,
the ECU 71 cannot execute the pseudo gear shiit even once
betfore the mechanical gear shift (see an operation point P13).
Accordingly, the ECU 71 sets the value of the second
rotation speed nestart to an engine rotation speed nes2, and
makes the engine rotation speed NE 1n the mechanical gear
shift (see the operation point P13) match the pseudo gear
shift threshold value nejdg.

In order to perform such NE increase control, the ECU 71
executes the routines shown i FIGS. 8 to 10 in the same
manner as the ECU 70 of the first device. However, when
executing Step 835 of FIG. 8, the CPU of the ECU 71
determines the second rotation speed nestart, instead of the
increase rate nvrate, as the value of an adjustable parameter.

Even when the second rotation speed nestart 1s set to the
upper limit start rotation speed nesmax, the pseudo gear shift
threshold value nejdg, the first rotation speed nebase, and the
increase rate nvrate are set such that only two pseudo gear
shifts can be executed at most before the mechanical gear
shift occurring next. Accordingly, 1n Step 8335, the CPU first
adjusts the second rotation speed nestart within the allow-
able range to make the engine rotation speed NE when the
vehicle speed Vs becomes the gear shift speed vidg (at the
time of the next mechanical gear shift) match the pseudo
gear shiit threshold value nejdg, and determines whether or
not the pseudo gear shift can be executed twice (that 1s,
whether or not the requirements for two executions are
satisfied) until this time.

When the requirements for two executions are satisiied,
the CPU uses the adjusted second rotation speed nestart as
the value of a variable adjustment parameter (an adjustment
parameter of the NE increase control which 1s executed at
this time).

When the requirements for two executions are not satis-
fied, the CPU adjusts (increases or decreases) the second
rotation speed nestart from the imitial value withun the
allowable range to execute the pseudo gear shift once until
the vehicle speed Vs becomes the gear shift speed vidg, and
turther determines whether or not the engine rotation speed
NE when the vehicle speed Vs becomes the gear shift speed
vidg can be made to match the pseudo gear shift threshold
value nejdg (that 1s, whether or not the requirements for one
execution are satisfied).

When the requirements for one execution are satisiied, the
CPU uses the adjusted second rotation speed nestart as the
value of a vanable adjustment parameter (an adjustment
parameter of the NE increase control which 1s executed at
this time).

When the requirements for one execution are not satisiied,
the CPU does not execute the pseudo gear shiit before the
vehicle speed Vs becomes the gear shift speed vidg (before
the mechanical gear shift 1s executed), and adjusts the
second rotation speed nestart such that the engine rotation
speed NE when the vehicle speed Vs becomes the gear shiit
speed vidg matches the pseudo gear shift threshold value
nejdg. In this case, the CPU uses the adjusted second
rotation speed nestart as the value of a variable adjustment
parameter (an adjustment parameter of the NE increase
control which 1s executed at this time).

As described above, the second device 1s configured such
that the control unit (the ECU 71) realizes the adjustment
control by adjusting the second rotation speed (nestart)
which 1s the rotation speed of the internal combustion engine
at the acceleration start time when the vehicle starts to be
accelerated based on the acceleration request to the vehicle.
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According to the second device, the second rotation speed
(nestart) which 1s the engine rotation speed NE at the
acceleration start time 1s adjusted, whereby the engine
rotation speed NE at the time of the start of the pseudo gear
shift and the engine rotation speed NE at the time of the start
of the mechanical gear shift can be made to be substantially
the same (the pseudo gear shiit threshold value nejdg), and
the engine rotation speed NE immediately after the pseudo
gear shift and the engine rotation speed NE immediately
alter the mechanical gear shift can be made to be substan-
tially the same (the first rotation speed nebase). As a result,
the driver of the vehicle 10 does not feel a sense of
discomiort during acceleration and can obtain a satisfactory
sense ol acceleration.

Next, a control device (heremafter, referred to as a third

device) for a vehicle according to a third embodiment of the
invention will be described. The first device described above
adjusts the value of the increase rate nvrate as an adjustable
parameter when executing the NE increase control. In con-
trast, the third device 1s diflerent from the first device 1n that
the first rotation speed nebase 1s adjusted as an adjustable
parameter. Hereinafter, description will be provided focus-
ing on the difference. In the following description, an ECU
of the third device corresponding to the ECU 70 of the first
device 1s referred to as an ECU 72.

The first rotation speed nebase can be set (changed)
between a lower limit post-gear shift rotation speed nebmin
and an upper limit post-gear shift rotation speed nebmax
(that 1s, within an allowable range). This will be specifically
described referring to FIGS. 16 to 18. That 1s, the ECU 72
sets the first rotation speed nebase while limiting the first
rotation speed nebase within the allowable range such that
the engine rotation speed NE when the mechanical gear shift
processing 1s executed matches the engine rotation speed NE
(that 1s, the pseudo gear shiit threshold value nejdg) when
the pseudo gear shift processing 1s executed. As shown in
FIGS. 17, 18, and the like, the difference w1l between the
pseudo gear shift threshold value nejdg and the lower limit
post-gear shift rotation speed nebmin 1s substantially two
times greater than the difference w2 between the pseudo gear
shift threshold value nejdg and the upper limit post-gear
shift rotation speed nebmax (that 1s, nejdg—nebmin=(nejdg—
nebmax)x2).

The driver can obtain a more satisfactory sense of accel-
crating by making as many pseudo gear shifts as possible
occur before the mechanical gear shift. However, 11 the value
of the first rotation speed nebase 1s too close to the pseudo
gear shift threshold value nejdg, the pseudo gear shift is
frequently repeated, and the driver may feel a sense of
discomifort. The upper limit post-gear shift rotation speed
nebmax 1s provided so as to avoid this situation. If the first
rotation speed nebase 1s too low, the difference between the
pseudo gear shift threshold value nejdg and the first rotation
speed nebase becomes too great, and fluctuation in the
engine rotation speed at the time of the pseudo gear shiit
becomes too great. As a result, the driver may feel a sense
of discomiort. The lower limit post-gear shiit rotation speed
nebmin 1s provided so as to avoid this situation.

FIG. 16 shows a case where the difference Av between the
gear shift speed vidg and the NE increase control start
vehicle speed viy 1s comparatively great; thus, the ECU 72
executes two pseudo gear shilts (see operation points Pj3
and P135) before the mechanical gear shift (see an operation
pomnt P;7), and sets the value of the first rotation speed
nebase to the lower limit post-gear shift rotation speed
nebmin such that the engine rotation speed NE 1n the
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mechanical gear shift (see the operation point Pj7) 1s made
to match the pseudo gear shift threshold value nejdg.

FIG. 17 shows a case where the NE increase control start
vehicle speed 1s a vehicle speed vile higher than the vehicle
speed vi], and the difference Av between the gear shiit speed
vidg and the NE increase control start vehicle speed vig 1s
smaller than in the example shown in FIG. 16; for this
reason, the ECU 72 sets the value of the first rotation speed
nebase to the upper limit post-gear shift rotation speed
nebmax, executes two pseudo gear shifts (see operation
points Pk3 and Pk5) before the mechanical gear shift (see an
operation point Pk7), and makes the engine rotation speed
NE 1n the mechanical gear shift (see the operation point Pk7)
match the pseudo gear shift threshold value nejdg.

If the difference Av becomes smaller, the ECU 72

decreases the number of pseudo gear shifts occurring before
the mechanical gear shift, and widens the interval between
the pseudo gear shiits relating to the vehicle speed Vs. In
other words, even 1f the value of the first rotation speed
nebase 1s set to the upper limit post-gear shift rotation speed
nebmax, two pseudo gear shiits cannot be performed before
the mechanical gear shift. Accordingly, as shown in FIG. 18,
the ECU 71 sets the value of the first rotation speed nebase
to the lower limit post-gear shift rotation speed nebmin, and
executes one pseudo gear shift (see an operation point P13)
before the mechanical gear shift (see an operation point
P15).

In order to perform such NE increase control, the ECU 72
executes the routines shown in FIGS. 8 to 10 in the same
manner as the ECU 70 of the first device. However, a CPU
of the ECU 72 (heremafter, referred to as a CPU) determines
the first rotation speed nebase, instead of the increase rate
nvrate, as the value of an adjustable parameter when execut-
ing Step 835 of FIG. 8.

On the other hand, even when the first rotation speed
nebase 1s set to the upper limit post-gear shiit rotation speed
nebmax, the pseudo gear shift threshold value nejdg, the
second rotation speed nestart, and the increase rate nvrate
are set such that only two pseudo gear shifts can be executed
at most before the mechanical gear shift occurring next.

Accordingly, 1n Step 835, the CPU first adjusts the first
rotation speed nebase within the allowable range to make the
engine rotation speed NE when the vehicle speed Vs
becomes the gear shift speed vidg (at the time of the next
mechanical gear shift) match the pseudo gear shift threshold
value nejdg, and determines whether or not the pseudo gear
shift can be executed twice (that 1s, whether or not the
requirements for two executions are satisfied).

When the requirements for two executions are satisiied,
the CPU uses the adjusted first rotation speed nebase as the
value of a varniable adjustment parameter (an adjustment
parameter of the NE increase control which 1s executed at
this time).

When the requirements for two executions are not satis-
fied, the CPU adjusts (increases or decreases) the first
rotation speed nebase from the imitial value within the
allowable range to execute the pseudo gear shiit once until
the vehicle speed Vs becomes the gear shift speed vidg, and
turther determines whether or not the engine rotation speed
NE when the vehicle speed Vs becomes the gear shift speed
vidg can be made to match the pseudo gear shiit threshold
value nejdg (that 1s, whether or not the requirements for one
execution are satisfied).

When the requirements for one execution are satisiied, the
CPU uses the adjusted first rotation speed nebase as the
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value of a vanable adjustment parameter (an adjustment
parameter of the NE increase control which 1s executed at
this time).

When the requirements for one execution are not satisiied,
the CPU cannot execute the pseudo gear shift before the
vehicle speed Vs becomes the gear shiit speed vidg (before
the mechanical gear shiit 1s executed); therefore, the CPU
uses the mitial value of the first rotation speed nebase as the
value of a varniable adjustment parameter (an adjustment
parameter of the NE increase control which 1s executed at
this time).

As described above, the third device 1s configured such
that the control unit (the ECU 72) realizes the adjustment
control by adjusting the first rotation speed.

According to the third device, when the pseudo gear shiit
1s executed before the mechanical gear shiit 1s executed, the
first rotation speed nebase which 1s the engine rotation speed
NE after the execution of the pseudo gear shift 1s adjusted,
whereby the engine rotation speed NE at the time of the start
of the pseudo gear shift and the engine rotation speed NE at
the time of the start of the mechanical gear shift can be made
to be substantially the same (the pseudo gear shift threshold
value nejdg), and the engine rotation speed NE immediately
after the pseudo gear shift and the engine rotation speed NE
immediately after the mechanical gear shift can be made to
be substantially the same (the first rotation speed nebase). As
a result, the driver of the vehicle 10 does not feel a sense of
discomiort during acceleration and can obtain a satisfactory
sense of acceleration.

Next, a control device (hereinafter, referred to as a fourth
device) for a vehicle according to a fourth embodiment of
the mvention will be described. The first device described
above adjusts only the value of the increase rate nvrate as an
adjustable parameter when executing the NE increase con-
trol. In contrast, the fourth device 1s different from the first
device 1n that three parameters of the increase rate nvrate,
the second rotation speed nestart, and the first rotation speed
nebase are adjusted as an adjustable parameter. Hereinatter,
description will be provided focusing on the difference. In
the following description, an ECU of the fourth device
corresponding to the ECU 70 of the first device 1s referred
to as an ECU 73.

In order to execute the NE increase control, a CPU of the
ECU 73 (hereinafter, simply referred to as a CPU) executes
the routines shown 1n FIGS. 8 to 10 in the same manner as
the ECU 70 of the first device. However, the CPU deter-
mines the increase rate nvrate, the second rotation speed
nestart, and the {first rotation speed nebase as adjustable
parameters when executing Step 835 of FIG. 8.

As described 1n the first to third embodiments, each of the
parameters can only be adjusted within the allowable range.
However, the allowable range of the increase rate nvrate 1s
narrower than the allowable range 1n the first embodiment,
the allowable range of the second rotation speed nestart 1s
narrower than the allowable range 1n the second embodi-
ment, and the allowable range of the first rotation speed
nebase 1s narrower than the allowable range 1n the third
embodiment.

In Step 835, the CPU determines the increase rate nvrate,
the second rotation speed nestart, and the first rotation speed
nebase according to the rules described below.

(1) The CPU changes the value of each adjustable param-
cter within the corresponding allowable range such that as
many pseudo gear shiits as possible (twice at most) occur
betore the next mechanical gear shiit.

(2) The CPU first adjusts only the increase rate nvrate,
determines whether or not two pseudo gear shifts are pos-
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sible before the next mechanical gear shift, and 11 possible,
uses the value of the adjusted increase rate nvrate, and the
initial value of the second rotation speed nestart and the
initial value of the first rotation speed nebase acquired 1n
Step 825 as the values of variable adjustment parameters.

(3) When two pseudo gear shiits are impossible before the
mechanical gear shift with the adjustment of only the
increase rate nvrate, the CPU adjusts the second rotation
speed nestart and/or the first rotation speed nebase 1 addi-
tion to the increase rate nvrate. (4) As a result of (3)
described above, if two pseudo gear shifts are possible
before the next mechanmical gear shift, the CPU uses the
adjusted increase rate nvrate, second rotation speed nestart,
and the {first rotation speed nebase as the values of variable
adjustment parameters.

(5) As a result of (3) described above, 1f two pseudo gear
shifts are impossible before the next mechanical gear shilit,
the CPU adjusts only the increase rate nvrate, determines
whether or not one pseudo gear shift 1s possible before the
next mechanical gear shift, and 1f possible, uses the value of
the adjusted increase rate nvrate, and the initial value of the
second rotation speed nestart and the initial value of the first
rotation speed nebase acquired 1n Step 825 as the values of
variable adjustment parameters.

(6) When one pseudo gear shift 1s impossible before the
next mechanical gear shift with the adjustment of only the
increase rate nvrate, the CPU adjusts the second rotation
speed nestart and/or the first rotation speed nebase 1n addi-
tion to the increase rate nvrate. (7) As a result of (6)
described above, 1f one pseudo gear shiit 1s possible before
the next mechanical gear shift, the values of the adjusted
increase rate nvrate, second rotation speed nestart, and {first
rotation speed nebase are used as the values of variable
adjustment parameters.

(8) As a result of (7) described above, 1f one pseudo gear
shift 1s impossible before the next mechanical gear shift, the
CPU adjusts only the increase rate nvrate, does not perform
the pseudo gear shift before the next mechanical gear shiit,
and determines whether or not the engine rotation speed NE
at the time of the mechanical gear shift can be made to match
the pseudo gear shift threshold value nejdg. (9) As a result
of (8) described above, 11 the engine rotation speed NE at the
time of the mechanical gear shift can be made to match the
pseudo gear shiit threshold value nejdg, the value of the
adjusted increase rate nvrate, and the imnitial value of the
second rotation speed nestart and the initial value of the first
rotation speed nebase acquired i Step 823 are used as the
values of variable adjustment parameters.

(10) As a result of (8) described above, 1f the engine
rotation speed NE at the time of the mechanical gear shift
cannot be made to match the pseudo gear shift threshold
value nejdg, the CPU adjusts the second rotation speed
nestart 1n addition to the increase rate nvrate. (11) As a result
of (10) described above, if the engine rotation speed NE at
the time of the mechanical gear shift can be made to match
the pseudo gear shift threshold value nejdg, the CPU uses
the value of the adjusted increase rate nvrate and the value
of the adjusted second rotation speed nestart as the values of
variable adjustment parameters. (12) As a result of (10)
described above, 11 the engine rotation speed NE at the time
of the mechanical gear shiit cannot be made to match the
pseudo gear shift threshold value nejdg, the CPU uses the
initial values of the respective adjustable parameters
acquired 1 Step 825 as the values of variable adjustment
parameters.

As described above, the fourth device 1s a control device

which 1s configured such that the control unit (the ECU 73)
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realizes the adjustment control by adjusting at least two of
the increase rate (nvrate) which 1s the ratio of the umit
increase amount of the rotation speed of the first input shatt
to the unit increase amount of the rotation speed of the first
output shaft, the first rotation speed (nebase), and the second
rotation speed (nestart) which 1s the rotation speed of the
internal combustion engine at the acceleration start time
when the vehicle starts to be accelerated based on the
acceleration request to the vehicle.

The fourth device can have the effects of the first to third
devices. In addition, according to the fourth device, the
adjustment control 1s realized by adjusting a plurality of
parameters (adjustable parameters); therefore, 1t 1s possible
to avold any parameter becoming too great or too small. As
a result, it 1s possible to reliably avoid a sense of discomiort
to the dniver. The fourth device may use only an arbitrary
combination of two of the increase rate nvrate, the second
rotation speed nestart, and the first rotation speed nebase.

Although the embodiments of the control device for a
vehicle according to the invention have been described, the
invention 1s not limited to the foregoing embodiments, and
various changes can be made without departing from the
purpose of the mvention. For example, 1n the respective
embodiments, the accelerator pedal operation amount Ap 1s
used as the value according to the acceleration request.
However, instead of the accelerator pedal operation amount
Ap or 1n addition to the accelerator pedal operation amount
Ap, the depression speed of the accelerator pedal 91 may be
used as the value according to the acceleration request.

In addition, 1n the first embodiment, the allowable range
of the increase rate nvrate may be changed according to the
acceleration request. For example, the upper limit increase
rate nvmax may be increased as the acceleration request
becomes greater. Alternatively, 1in the second embodiment,
the allowable range of the second rotation speed nestart may
be changed according to the acceleration request. For
example, the upper limit start rotation speed nesmax may be
increased as the acceleration request becomes greater. Alter-
natively, 1in the third embodiment, the allowable range of the
first rotation speed nebase may be changed according to the
acceleration request. For example, the upper limit post-gear
shift rotation speed nebmax may be increased as the accel-
eration request becomes greater.

In addition, in the respective embodiments, the pseudo
gear shift threshold value nejdg and the first rotation speed
nebase are constant without depending on the vehicle speed
Vs. However, the pseudo gear shift threshold value nejdg
and/or the first rotation speed nebase may be changed
according to the vehicle speed Vs. For example, the pseudo
gear shift threshold value nejdg and/or the first rotation
speed nebase may be increased as the vehicle speed Vs 1s
increased.

In addition, the 1nitial values of the increase rate nvrate,
the second rotation speed nestart, and the first rotation speed
nebase determined 1n Step 825 of FIG. 8 may be obtained
based on one or more of the accelerator pedal operation
amount Ap, a change rate (time diflerential value) of the
accelerator pedal operation amount Ap, the vehicle speed
Vs, and the shift gear stage realized by the stepped variable
transmission 51.

In the respective embodiments described above, the pres-
ence or absence (a condition for changing the value of the
control execution flag Xdt from O to 1) of the acceleration
request to be a condition for starting the NE increase control
1s determined based on whether or not the accelerator pedal
operation amount Ap 1s greater than the threshold value
Apthl. However, the presence or absence of the acceleration
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request to be a condition for starting the NE increase control
may be determined by a combination of one or more of the
accelerator pedal operation amount Ap, a change rate (time
differential value) of the accelerator pedal operation amount
Ap, the vehicle speed Vs, and the like.

What 1s claimed 1s:

1. A control device for a vehicle, the vehicle including

an 1nternal combustion engine,

a driving wheel,

a continuously variable transmission including a first
input shait and a first output shaft, the first input shaft
being rotationally driven by the internal combustion
engine,

the continuously variable transmission being configured
to continuously change a first gear ratio, and the first
gear ratio being a ratio of a rotation speed of the first
input shaft to a rotation speed of the first output shaft,
and

a stepped variable transmission including a second input
shaft and a second output shafit, the second mnput shait
being connected to the first output shaft, the second
output shait being connected to the dniving wheel, and
the second output shaft being configured to transmit
torque to the driving wheel,

the stepped variable transmission being configured to
change a second gear ratio 1n a stepwise manner, and
the second gear ratio being a ratio of a rotation speed
of the second input shait to a rotation speed of the
second output shaft, and

the control device comprising:

an electronic control unit configured to

(1) control a rotation speed of the internal combustion
engine 1n a period during which the vehicle 1s accel-
crated according to an acceleration request to the
vehicle such that the rotation speed of the internal
combustion engine 1s 1mcreased with an increase 1n a
traveling speed of the vehicle,

(11) when the rotation speed of the internal combustion
engine reaches a predetermined pseudo gear shiit
threshold value, execute a pseudo gear shift to control
the rotation speed of the internal combustion engine
such that the rotation speed of the internal combustion
engine 1s decreased to a first rotation speed,

(111) execute a mechanical gear shift to change the second
gear ratio according to a gear shift line determined by
the traveling speed and a value according to the accel-
eration request, and

(1v) execute adjustment control to adjust the rotation
speed of the internal combustion engine 1n advance 1n
a period before executing the mechanical gear shiit
such that the rotation speed of the imnternal combustion
engine matches the pseudo gear shift threshold value

when the mechanical gear shift 1s performed.

2. The control device according to claim 1,

wherein the vehicle includes an electric motor,

the continuously varniable transmission 1s a power distri-
bution mechanism,

an output shait of the electric motor 1s connected to the
first output shait and 1s configured to transmit torque to
the first output shaft, and

the electronic control unit 1s configured to execute control
of the electric motor.

3. The control device according to claim 1,

wherein the electronic control umit 1s configured to adjust
an engine rotation speed 1ncrease rate in the adjustment

control, the engine rotation speed increase rate being a

ratio of a unit increase amount of the rotation speed of
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the first mput shaft to a unit increase amount of the
rotation speed of the first output shatt.

4. The control device according to claim 1,

wherein the electronic control unit 1s configured to adjust
the first rotation speed 1n the adjustment control.

5. The control device according to claim 1,

wherein the electronic control unit 1s configured to adjust
a second rotation speed 1n the adjustment control, and
the second rotation speed 1s a rotation speed of the
internal combustion engine at an acceleration start time
when the vehicle starts to be accelerated based on the
acceleration request.

6. The control device according to claim 1,

wherein the electronic control unit 1s configured to adjust
at least two parameters among a plurality of parameters
in the adjustment control, the plurality of parameters
include

(a) an engine rotation speed increase rate that 1s a ratio of
a unit increase amount of the rotation speed of the first
input shaft to a unit increase amount of the rotation
speed of the first output shatt,

(b) the first rotation speed, and

(¢) a second rotation speed that 1s a rotation speed of the
internal combustion engine at an acceleration start time
when the vehicle starts to be accelerated based on the
acceleration request to the vehicle.

7. The control device according to claim 6,

wherein the electronic control unit 1s configured to change
at least two parameters to be adjusted 1n the adjustment
control among the engine rotation speed increase rate,
the first rotation speed, and the second rotation speed
within an allowable range of each parameter such that
the pseudo gear shiit 1s executed before the mechanical
gear shift 1s executed.

8. A control method for a vehicle, the vehicle including

an internal combustion engine,

a driving wheel,

a continuously variable transmission including a first
input shaft and a first output shatt, the first input shatt
being rotationally driven by the mternal combustion
engine,

the continuously variable transmission being configured
to continuously change a first gear ratio, and the first
gear ratio being a ratio of a rotation speed of the first
input shaft to a rotation speed of the first output shaft,
and

a stepped variable transmission including a second 1nput
shaft and a second output shaft, the second input shait
being connected to the first output shaft, the second
output shaft being connected to the driving wheel and
the second output shaft being configured to transmit
torque to the driving wheel,

the stepped variable transmission being configured to
change a second gear ratio 1n a stepwise manner, and
the second gear ratio being a ratio of a rotation speed
of the second input shait to a rotation speed of the
second output shaft,

the control method comprising:

controlling a rotation speed of the internal combustion
engine 1 a period during which the vehicle 1s accel-
crated according to an acceleration request to the
vehicle such that the rotation speed of the internal
combustion engine 1s 1mcreased with an increase 1n a
traveling speed of the vehicle;

when the rotation speed of the internal combustion engine
reaches a predetermined pseudo gear shift threshold
value, executing a pseudo gear shift to control the
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rotation speed of the internal combustion engine such
that the rotation speed of the internal combustion
engine 1s decreased to a first rotation speed;

executing a mechanical gear shift to change the second
gear ratio according to a gear shift line determined by 5
the traveling speed and a value according to the accel-
eration request; and

executing adjustment control to adjust the rotation speed
of the internal combustion engine 1 advance 1n a
period belfore executing the mechanical gear shift such 10
that the rotation speed of the internal combustion
engine matches the pseudo gear shift threshold value
when the mechanical gear shift 1s performed.
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